Antilock Breaking System (ABS) is an automobile safety system. ABS is used in advanced automobiles to prevent slip and locking of wheel after brakes applied. The vehicle is provided with the controller to control the necessary torque to maintain optimum slip ration. The slip ration is denoted in terms of vehicle speed and wheel rotation. It's an automated system that run on principles of threshold braking and cadence braking which were practiced by skilful drivers with previous generation braking system. Its response time is faster hence that makes it easy steering for the driver. ABS generally offer advanced vehicle control and minimize the stopping distance. The objectives of the paper is to study and evaluate the Principles of Antilock Breaking System, ABS control systems, Sub systems of ABS, Antilock Breaking System types and Importance and uses of ABS. Intelligent control systems like fuzzy control can be used in ABS control to emulate the qualitative aspects of human knowledge with several ad-vantages such as robustness, universal approximation theorem and rule-based algorithms.
I. INTRODUCTION
Since the development of the first motor driven vehicle in 1769 and the occurrence of first driving accident in 1770, engineers were determined to reduce driving accidents and improve the safety of vehicles (1) . It is obvious that efficient design of braking systems is to reduce accidents. Vehicle experts have developed this field through the invention of the first mechanical antilock-braking system (ABS) system which have been designed and produced in aerospace industry in 1930. (2) Antilock braking system (ABS) prevents brakes from locking during braking. In normal braking situation the driver control the brakes, however during severs braking or on slippery roadways when driver the wheels to approach lockup, the antilock takes over here. The ABS modulates the brake line pressure independent of the pedal force to bring the wheel speed back to the slip level range that necessary to the optimal braking performance. The ABS does not allow full wheel lock under braking. It allows driver to control the vehicle easily, even on roads with low adhesion.(3)
II.
SUBSYSTEMS OF ANTILOCK BREAKING SYSTEM There are four main components of ABS.
Speed sensors:
A speed sensor is used to determine the acceleration or deceleration of the wheel. These sensors use a magnet and a Hall Effect sensor to generate a signal. The rotation of the wheel or differential induces a magnetic field around the sensor. The fluctuations of this magnetic field generate a voltage in the sensor.
Valves:
There is a valve in the brake line of each brake controlled by the ABS. On some systems, the valve has three positions: 2.1. In position one, the valve is open, pressure from the master cylinder is passed right through to the brake. 2.2. In position two, the valve blocks the line, isolating that brake from the master cylinder.
This prevents the pressure from rising further should the driver push the brake pedal harder. 2.3. In position three, the valve releases some of the pressure from the brake The majority of problems with the valve system occur due to clogged valves. When a valve is clogged it is unable to open, close, or change position.
Pump:
The pump in the ABS is used to restore the pressure to the hydraulic brakes after the valves have released it. A signal from the controller will release the valve at the detection of wheel slip. After a valve release the pressure supplied from the user, the pump is used to restore a desired amount of pressure to the braking system. The controller will modulate the pumps status in order to provide the desired amount of pressure and reduce slipping.
Controller:
The controller is an ECU type unit in the car which receives information from each individual wheel speed sensor, in turn if a wheel loses traction the signal is sent to the controller, the controller will then limit the brake force (EBD) and activate the ABS modulator which actuates the braking valves on and off. [4] III.
PRINCIPLE OF ANTILOCK BREAKING SYSTEM
The reason for the development of antilock brakes is in essence very simple. Under braking, if one or more of a vehicle's wheels lock (begins to skid) then this has a number of consequences: a) braking distance increases, b) steering control is lost, and c) tire wear will be abnormal. The obvious consequence is that an accident is far more likely to occur. The application of brakes generates a force that impedes a vehicles motion by applying a force in the opposite direction. During severe braking scenarios, a point is obtained in which the tangential velocity of the tire surface and the velocity on road surface are not the same such that an optimal slip which corresponds to the maximum friction is obtained. The ABS controller must deal with the brake dynamics and the wheel dynamics as a whole plant [5] . The wheel slip, S is defined as:
WhereR and V denote the wheel angular velocity, the wheel rolling radius, and the vehicle forward velocity, respectively.
The anti-lock brake controller is also known as the CAB (Controller Anti-lock Brake). Typically ABS includes a central electronic control unit (ECU), four wheel speed sensors, and at least two hydraulic valves within the brake hydraulics. The ECU constantly monitors the rotational speed of each wheel; if it detects a wheel rotating significantly slower than the others, a condition indicative of impending wheel lock, it actuates the valves to reduce hydraulic pressure to the brake at the affected wheel, thus reducing the braking force on that wheel; the wheel then turns faster. Conversely, if the ECU detects a wheel turning significantly faster than the others, brake hydraulic pressure to the wheel is increased so the braking force is reapplied, slowing down the wheel. This process is repeated continuously and can be detected by the driver via brake pedal pulsation. Some anti-lock systems can apply or release braking pressure 15 times per second. [6] Because of this, the wheels of cars equipped with ABS are practically impossible to lock even during panic braking in extreme conditions.
The ECU is programmed to disregard differences in wheel rotating speed below a critical threshold, because when the car is turning, the two wheels towards the centre of the curve turn slower than the outer two. For this same reason, a differential is used in virtually all road going vehicles.
If a fault develops in any part of the ABS, a warning light will usually be illuminated on the vehicle instrument panel, and the ABS will be disabled until the fault is rectified.
Modern electronic stability control systems are an evolution of the ABS concept. Here, a minimum of two additional sensors are added to help the system work: these are a steering wheel angle sensor, and a gyroscopic sensor. The theory of operation is simple: when the gyroscopic sensor detects that the direction taken by the car does not coincide with what the steering wheel sensor reports, the ESC software will brakes the necessary individual wheel so that the vehicle goes the way the driver intends. The steering wheel sensor also helps in the operation of Cornering Brake Control (CBC), since this will tell the ABS that wheels on the inside of the curve should brake more than wheels on the outside, and by how much.
IV. Antilock Breaking System Types
Anti-lock braking systems use different schemes depending on the type of brakes in use. They can be differentiated by the number of channels: that is, how many valves that are individually controlledand the number of speed sensors.(6)
Four-channel, four-sensor ABS
There is a speed sensor on all four wheels and a separate valve for all four wheels. With this setup, the controller monitors each wheel individually to make sure it is achieving maximum braking force.
Three-channel, four-sensor ABS
There is a speed sensor on all four wheels and a separate valve for each of the front wheels, but only one valve for both of the rear wheels. Older vehicles with four-wheel ABS usually use this type.
Three-channel, three-sensor ABS
This scheme, commonly found on pickup trucks with four-wheel ABS, has a speed sensor and a valve for each of the front wheels, with one valve and one sensor for both rear wheels. The speed sensor for the rear wheels is located in the rear axle. This system provides individual control of the front wheels, so they can both achieve maximum braking force. The rear wheels, however, are monitored together; they both have to start to lock up before the ABS will activate on the rear. With this system, it is possible that one of the rear wheels will lock during a stop, reducing brake effectiveness. This system is easy to identify, as there are no individual speed sensors for the rear wheels.
Two-channel, four sensor ABS
This system, commonly found on passenger cars from the late '80s through the mid-1990s, uses a speed sensor at each wheel, with one control valve each for the front and rear wheels as a pair. If the speed sensor detects lock up at any individual wheel, the control module pulses the valve for both wheels on that end of the car.
One-channel, one-sensor ABS
This system is commonly found on pickup trucks, SUVs, and vans with rear-wheel ABS. It has one valve, which controls both rear wheels, and one speed sensor, located in the rear axle. This system operates the same as the rear end of a three-channel system. The rear wheels are monitored together and they both have to start to lock up before the ABS kicks in. In this system it is also possible that one of the rear wheels will lock, reducing brake effectiveness. This system is also easy to identify, as there are no individual speed sensors for any of the wheels. [7] V. ABS Control system ABS brake controllers pose unique challenges to the designer: a) For optimal performance, the controller must operate at an unstable equilibrium point, b) Depending on road conditions, the maximum braking torque may vary over a wide range, c) The tire slippage measurement signal, crucial for controller performance, is both highly uncertain and noisy, d) On rough roads, the tire slip ratio varies widely and rapidly due to tire bouncing, e) brake pad coefficient of friction changes, and f) The braking system contains transportation delays which limit the control system bandwidth.
The main control systems are 1. Classical control system 2. Optimal control system 3. Nonlinear control system 4. Robust control system 5. Adaptive control system 6. Intelligent control system 1. Classical control system: A PID controller for rear wheel steering is de-signed to enhance the stability, steerability, and drive-ability of the vehicle during transient maneuvers. The braking and steering performances of controllers are evaluated for various driving conditions, such as straight and J-turn maneuvers. The simulation results show that the proposed full car model is sufficient to predict vehicle responses accurately. The developed ABS reduces the stopping distance and increases the longitudinal and lateral stability of both two-and four-wheel steering vehicles. The results also demonstrate that the use of a rear wheel controller as a yaw motion controller can increase its lateral stability and reduce the slip angle at high speeds.
The PID controller is simple in design but there is a clear limitation of its performance. It does not possess enough robustness for practical implementation.
Optimal control system:
The optimal control law guarantees bounded control action and can cope also with input constraints. Moreover, the closed-loop system properties are such that the control algorithm allows detecting without the need of a friction estimator, if the closed-loop system is operating in the unstable region of the friction curve, thereby allowing enhancing both braking performance and safety. The design is performed via Lyapunov-based methods and its effectiveness is assessed via simulations on a multibody vehicle simulator. The change in the road conditions implies continuous adaptation in controller parameter.
Nonlinear control system:
The complex nature of ABS requiring feedback control to obtain desired system behaviour also gives rise to dynamical systems. Ting and Lin [37] developed the antilock braking control system integrated with active suspensions applied to a quarter car model by employing the nonlinear back stepping design schemes. In emergency, although the braking distance can be reduced by the control torque from disk/drum brakes, the braking time and distance can be further improved if the normal force generated from active suspension systems is considered simultaneously. Individual controller is designed for each subsystem and an integrated algorithm is constructed to coordinate these two subsystems. As a result, the integration of anti-lock braking and active suspension systems indeed enhances the system performance be-cause of reduction of braking time and distance.
Robust control system:
Sliding mode control is an important robust control approach. For the class of systems to which it applies, sliding mode controller design provides a systematic approach to the problem of maintaining stability and consistent performance in the face of modelling imprecision. On the other hand, by allowing the trade-offs between modelling and performance to be quantified in a simple fashion, it can illuminate the whole design process.
Adaptive control system:
A control structure of wheel torque and wheel steering is proposed to transform the original problem to that of state regulation with input constraint. For the transformed problem, a low-and-high gain technique is applied to construct the constrained controller and to enhance the utilization of the wheel slip under constraint. Simulation shows that the proposed control scheme, during tracking on a snow road, is capable of limiting the wheel slip, and has a satisfactory co-ordination between wheel torque and wheel steering.
6. Intelligent control system: FC has been proposed to tackle the problem of ABS for the unknown environmental parameters. How-ever, the large amount of the fuzzy rules makes the analysis complex. Some researchers have proposed fuzzy control design methods based on the sliding-mode control (SMC) scheme. These approaches are referred to as fuzzy sliding-mode control (FSMC) design methods. Since only one variable is defined as the fuzzy input variable, the main advantage of the FSMC is that it requires fewer fuzzy rules than FC does. Moreover, the FSMC system has more robustness against parameter variation. Although FC and FSMC are both effective methods, their major drawback is that the fuzzy rules should be previously tuned by time-consuming trial-and-error procedures. [8] VI.
Uses of Antilock Control System
There are many different variations and control algorithms for use in ABS. One of the simpler systems works as follows 1. The controller monitors the speed sensors at all times. It is looking for decelerations in the wheel that are out of the ordinary. Right before wheel locks up, it will experience a rapid deceleration. If left unchecked, the wheel would stop much more quickly than any car could. It might take a car five seconds to stop from 60 mph (96.6 km/h) under ideal conditions, but a wheel that locks up could stop spinning in less than a second.
2. The ABS controller knows that such a rapid deceleration is impossible, so it reduces the pressure to that brake until it sees acceleration, then it increases the pressure until it sees the deceleration again. It can do this very quickly, before the tire can actually significantly change speed. The result is that the tire slows down at the same rate as the car, with the brakes keeping the tires very near the point at which they will start to lock up. This gives the system maximum braking power.
3. This replaces the need to manually pump the brakes while driving on a slippery or a low traction surface, allowing steering even in the most emergency braking conditions. 4. When the ABS is in operation the driver will feel a pulsing in the brake pedal; this comes from the rapid opening and closing of the valves. This pulsing also tells the driver that the ABS has been triggered. Some ABS systems can cycle up to 16 times per second.
VII.
Conclusion ABS control is highly nonlinear control problem due to the complicated relationship between its components and parameters. Antilock brakes help drivers to have better control of a vehicle in some road conditions where hard braking may be necessary. In vehicles without antilock brake systems, drivers who encounter slippery conditions have to pump their brakes to make sure they do not spin out of control because of locked up wheels. The research that has been carried out in ABS control systems covers a broad range of issues and challenges. Many different control methods for ABS have been developed and research on improved control methods is continuing. Most of these approaches require system models, and some of them cannot achieve satisfactory performance under the changes of various road conditions. While soft computing methods like Fuzzy control doesn't need a precise model. A brief idea of how soft computing is employed in ABS control is given.
